example in a more complex sample, a lactose isomerization mixture containing in 23 addition lactulose and monosaccharides was enriched in this ketose by using 24
[EMIM] [DCA] . Carbohydrates were then successfully recovered from the ionic liquid 25
following an activated charcoal-based treatment. Overall, lactulose content was 26 enriched from a 24% in the initial isomerization reaction mixture to a 62% in the 27 purified sample. These experimental results demonstrated the potential of ionic liquids 28 as green alternative solvents for the selective fractionation of bioactive ketoses from 29 their corresponding aldoses in food and beverage production. 30
Introduction 34 35
Fractionation of food carbohydrates is considered a challenging task due to the 36 complexity of the mixtures and the structural similarity among them. Most of the 37 available procedures are suitable for the fractionation of carbohydrate mixtures with 38 different degree of polymerization [1] . However, the fractionation of carbohydrates 39 having the same molecular weight but different monomeric composition, glycosidic 40 linkages and/or carbonyl group position (e.g., aldoses and ketoses) is particularly 41
difficult. 42
Ketoses, such as tagatose or lactulose, are considered bioactive carbohydrates 43 with potential pharmaceutical and/or food applications due to their functional 44
properties, which include prebiotic activity among others [2, 3] . Both carbohydrates can 45 be obtained by alkaline isomerization or by enzymatic treatment from their 46 corresponding non bioactive aldoses, i.e. galactose or lactose, respectively. However, 47 subsequent isolation of these carbohydrates from the synthesis mixtures remains as a 48 difficult task. Montañés et al. [4] studied the individual solubility of three aldoses 49 (glucose, galactose and lactose) and their respective ketoses (fructose, tagatose and 50 lactulose) in different alcohols (methanol, ethanol, 1-propanol and 2-propanol) at 51 several temperatures (295, 303 and 313 K). In general, ketoses were found to be more 52 soluble than aldoses in these solvents. These authors also applied thermodynamic 53 models to predict the solubility of sugars to further select the best solvent to fractionate 54 these ketoses from mixtures with other carbohydrates. Despite the usefulness of these 55 methods, they usually require large volumes of organic solvents, which are in sharp 56 contrast to the increasing demand for more cost-effective and green analytical 57 methodologies involving small solvent volumes. 58 6
109
For solubility studies, binary mixtures of fructose:glucose, tagatose:galactose 110 and lactulose:lactose (50%, w/w, of each carbohydrate) were dissolved in 100 mg of the 111 test IL with slight excess (a 10% above the corresponding limit of solubility). Samples 112 were stirred at 12,100 g using a Thermomixer (Eppendorf, Germany) during 24 h at 299 113 Thereafter, aliquots of 100 µL of the organic layer were taken for further analyses. 154
The antisolvent method was also evaluated following the method described by 155
Hassan et al. into 5-hydroxymethylfurfural [16] . 252 Table 1 Table 1) . These results agreed with the individual solubility data 271 previously reported by Carrero-Carralero et al. [16] and point out the feasability of 272 using these ILs for their efficient fractionation. However, solubility of fructose in 273
[HMIM] [Cl] in the presence of glucose (9.4 %) was meaningfully lower than that 274 previously described for individual samples (20.2 %) [16] . This fact could be attributed 275 
